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Background: Chronic infection with Pseudomonas aeruginosa (PA) is associated with an accelerated decline of lung function in patients with
cystic fibrosis (CF). Precautions to avoid contact with PA from the environment have been recommended by caregivers and are being carried out
by many families with CF children. The present study was conducted to portray the spectrum of hygienic measures and to evaluate the restrictions
and impact caused by these measures.
Subjects and methods: In a multi-centre survey, parents of children below 13 years of age responded to mailed questionnaires. The items covered
parental knowledge of PA, information provided by caregivers, the parents' feelings and thoughts about PA infection, and measures taken in daily
life to prevent a possible contact with PA in the environment.
Results: 130 parents from 10 CF centres responded to the questionnaire (63% response rate). 76% of the respective children had always been PA
negative. Most parents displayed erroneous beliefs regarding PA infection (mean: 3.5 correct replies to 9 questions). Families performed a mean of
11 different hygienic measures, e.g. they prevented their child from being the first person to use the bathroom in the morning (72%) or from
bathing in gravel pits and standing water (52%). The majority of parents felt markedly (44%) or somewhat (44%) stressed that their child might
acquire PA, and many parents felt markedly (16%) or somewhat (43%) restricted and stressed by the hygienic measures. Less stressed parents
tended to have more knowledge and undertook fewer measures.
Conclusion: When informing and teaching parents on the nature of PA infection, caregivers should provide clear recommendations on reasonable
actions to be taken. Also, physicians should anticipate and adequately respond to parental fears and misconceptions.
© 2007 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.1. Introduction
Chronic infection with mucoid Pseudomonas aeruginosa
(PA) strains is associated with an accelerated decline of lung
function in patients with CF [1,2]. Patient to patient transmission☆ Grant support: The present work was supported by a grant from the
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1569-1993/$ - see front matter © 2007 European Cystic Fibrosis Society. Publishe
doi:10.1016/j.jcf.2007.09.003of PA and other pathogens is an important source of infection in
cystic fibrosis, and segregation policies have been implemented
in most CF clinics and hospitals [3]. Nevertheless, many siblings
with CF are discordant for PA [4]. This may be due to the fact
that P. aeruginosa is an organism of low virulence [5]. About
20% of adults with CF remain free from chronic infection [6], in
spite of having been in contact with this pathogen many times
throughout their lives. Little is known about factors which could
protect the CF host against chronic infection. The patient's
genetic background may play a role [7–9], or the ability to
produce opsonophagocytic antibodies against PA [10].
Segregating CF patients with or without PA infection is
mandatory to prevent patient-to-patient transmission of this
pathogen in the clinic. Some German CF centres implemented
segregation policies already in the 1980ies. Considering thed by Elsevier B.V. All rights reserved.
Table 1
Clinical characteristics of CF children
Children of study
participants (n=130)
Mean (±SD) N
Age (years) 6.6±3.0 126
Age at diagnosis (years) 2.1±1.6 62
FEV1 (% predicted) 95±20 93
a
Weight for height
(% predicted)
98±10 127
Percentage of patients
with a history of ≥
1 P. aeruginosa
positive throat
swab/sputum (%)
24% 126
Sex ratio (N male: N female) 70:60 130
aMissing values are due to the younger age of many children which precludes
lung function testing.
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more complicated. P. aeruginosa can be expected ubiquitously
at wet places, and it is virtually impossible to avoid the contact
with all potential sources of bacteria. Hydrotherapy pools and
Jacuzzis have been shown to harbour PA [11]. Detailed investi-
gations in patients' homes or in public pools revealed very few
PA positive specimens, however, suggesting that the risk of
bacterial contamination from these sources is low [11].
International guidelines mention only few precautions with
regard to PA acquisition from the environment [12,13]. No
formal German recommendations on this topic have been es-
tablished. The German CF association has published a book on
bacterial infections in CF which recommends many different
preventive measures to be taken at home [14]. In a nationwide
survey, physicians at CF centres had different opinions on the
importance of measures to prevent environmental acquisition of
PA [15]. Nevertheless, it is daily practice in many CF families to
perform a number of hygienic precautions. According to a pilot
study in a single centre [16], many parents thought that the mere
contact with the bacterium would easily lead to infection and
would cause a rapid decline of their child's health. Not surpris-
ingly, the Pseudomonas issue represented a considerable burden
to many respondents.
The aim of the present study was to portray the spectrum of
daily hygienic precautions against PA in a larger group of CF
families. Participating CF centres had different paediatric
subspecialties and organisational structures. Additionally, we
evaluated the parents' knowledge of the nature of infection,
their perception of information given by physicians and other
experts, and the parents' restrictions and feelings associated
with the threat of PA infection.
2. Methods
2.1. Questionnaire
In a precursor single centre study, we had interviewed
parents regarding their perception of PA infection and the ac-
quisition of bacteria from the environment [16]. These inter-
views were the starting point for the construction of the present
questionnaire. It covered the following domains: the parents´
knowledge, their beliefs about PA infection, anxieties and
concerns, hygienic measures taken by the family to prevent their
child from coming into contact with PA in daily life, and a
global rating of the impact of PA infection on the child and the
family. Furthermore, blank items relating to various areas of
hygienic attention (e.g. inhouse, outdoor) allowed the parents to
bring up any other measures not mentioned in the questionnaire,
and to make additional comments and remarks. The present
paper focuses on the parental knowledge of PA infection and on
daily precautions which parents perform against environmental
acquisition of the bacterium.
2.2. Participating CF centres, parents and patients
In order to cover a broad spectrum of opinions, we asked 10
CF centres with different locations and medical backgrounds(General Hospital, University Hospital, CF physician in private
practice, paediatric gastroenterologists, or paediatric pulmonol-
ogists) to take part in the study. Caregivers identified patients
that fulfilled the inclusion criteria for the survey: age below
13 years, a diagnosis of cystic fibrosis that had been made at
least 12 months prior to the survey, and the capability of parents
to read and understand a questionnaire in German language.
Participation of parents to the study was voluntary, and the
questionnaireswere anonymous. To prevent the researchers (G.U.
and co-workers) from knowing the addresses of CF families, staff
of the CF centres mailed the study documents directly to the
parents. Each form contained the patient ID from the German CF
Patient Registry, but not the patient's name. After the parents had
filled in the questionnaire, they used addressed and stamped
envelopes to send the documents to the research unit. CF centres
therefore had no knowledge on the parents' responses.
Staff at the CF centre provided basic information on
demography and health status (age, sex, weight, height, PA
status, and lung function data) of all patients whose parents
were invited to participate, coded by patient IDs. These patient
data were transferred directly to the research unit. The patient
ID made it possible to link the parental responses with the
respective child's health data. Parents gave their written
informed consent, and the study protocol was assessed by the
Institutional Review Board at Hannover Medical School.
Weight for height was calculated according to German reference
values [17]. Percentages of lung function results were obtained
using European reference values [18].
3. Results
3.1. Participants
130 of 205 families (63%) responded to the survey. Most
questionnaires had been answered by mothers, 7% by fathers,
and 10% by both parents. Demographic and clinical data of the
corresponding patients are given in Table 1. The mean age of
the children was 6.6±3 years, and 76% of patients were free
233G. Ullrich et al. / Journal of Cystic Fibrosis 7 (2008) 231–237from PA (no PA positive sputum or throat swab in the patient
record). The school education of mothers was average in 41%
and above average in 28%. Further data on socio-economic
status were not addressed by the questionnaire.
A comparison between respondents and non-respondents
revealed no significant differences in the patients' health status
except for weight for height (% predicted) which was better in
the non-responding group (103±14 vs 98±10; pb0.05).
3.2. Parental knowledge about P. aeruginosa infection in cystic
fibrosis
Only few parents were well informed about P. aerugi-
nosa. The mean number of correct replies per participant was
3.5 of 9 questions. None of the 124 respondents gave correct
answers to all questions. Three out of four parents knew
that it is impossible to prevent the contact with PA (question
(q.) 14, Table 2). Most respondents (78.9%) falsely assumed
that home-based hygienic measures could significantly
reduce the risk of bacterial acquisition (q. 9). The virulence
of PA was greatly overestimated by 20% of parents who
thought that the probability of infection after contact would
be high (q. 13).
Table 2 also shows the frequency of the response “I don't
know”. Many parents were uncertain whether the negative
impact of PA on health could be seen only after several years of
infection (q. 8, 40.6%), or whether a child already infected with
PA could acquire new bacteria from another patient (q. 11,
38.6%). Interestingly, the question with the lowest percentage
(q. 9, 9.4%) of uncertainty, i.e. “the risk of infection can be
significantly reduced by home-based hygienic measures”, also
had the smallest portion of correct answers (11.7%). There was
no association between parental knowledge about PA and
education. Also, parents who already experienced at least one
PA positive sputum culture did not differ from parents whose
child was consistently PA negative.Table 2
Parents' knowledge about P. aeruginosa (PA) infection
Correct answers are shaded, and items are sorted in descending order according to
a Item 7 was not included into the knowledge score, because many parents misunde3.3. Sources of information on P. aeruginosa
Leading sources of information on PA were the CF clinic
(n=114) and brochures from and meetings organised by the
patient organisation (n=105). Parents also acquired knowl-
edge from other parents (n=50), whereas information gained
from the Internet played only a minor role (n=17). In the
majority of respondents (n=103), caregivers had provided
information before the child became PA positive, in many
cases (n=51) already at breaking the diagnosis. German school
grades (from 1: very good, to 6: deficient) were used to mea-
sure the parents' assessment of information provided by care-
givers. The mean grade was 2.48 (±1.00). Dissatisfied parents
(herein defined as answering with grades of 3 or worse, n=41)
requested more precise (n=14) and more elaborate (n=12)
information which should also be offered more actively by
physicians (n=9).
3.4. Hygienic measures
The majority of families took a spectrum of measures to
prevent their child's contact with PA from the environment
(mean: 11 measures per child, Table 3). In the bathroom, 73% of
participants let their child always close the toilet lid before
flushing, and 72% ensured for the fact that their child is not the
first to use the bathroom in the morning. One in three children
(33%) used two different toothbrushes in the morning and in the
evening in order to let the toothbrush dry completely before its
next use.
Many parents had removed pot plants from the child's room
(54%) or from the whole house/flat (21%), 54% had removed
humidifiers from radiators, and 17% reported to refrain from
using the air-conditioning in the car. Many children were not
allowed to bath in gravel pits and standing water (52%),
Jacuzzis (52%), indoor pools (22%), or outdoor pools (15%),
and 33% were not allowed to use public showers.the percentage of correct replies.
rstood the meaning of this statement.
Table 3
Hygienic measures taken by the families to prevent Pseudomonas aeruginosa (PA) infection compared to physicians' recommendations
Item Family
practice (%)
Parental recall of physicians'
recommendations (%)
Previous study: Recommendations by
CF physicians a (%)
Clean and dry the inhaler after every application 88 87 95
The child should always close the toilet lid before flushing 73 74 60
The child is not the first to use the bathroom or WC in the morning 72 75 51
Observe particular rules in the company of other CF patients (don't cough over
others or sleep in the same room)
71 71 91
Try to enhance the immune system 60 NA NA
Pay particular attention to intensive physiotherapy and/or sport 60 NA 91
Draw the attention of the dentist to the PA problem 55 26 62
Early antibiotic treatment of respiratory tract infections 55 80 87
Remove pot plants from the child's room 54 38 60
Remove the humidifiers from the radiators 54 40 67
Avoid bathing in gravel pits and standing water 52 37 13
Do not use whirlpools 52 27 60
Disinfect the inhaler after every application 51 NA 18
Disinfect the inhaler at least once a week 45 55 NA
Rigorous hygienic measures with infections in the family 35 NA 44
Use of different toothbrushes for mornings and evenings 33 23 11
Avoid the use of public showers 33 25 9
Avoid contact with other CF patients as a matter of principle 32 NA 7
Practise as less precautions as possible to avoid unnecessary restriction 31 25 NA
Do not visit indoor swimming pools 22 13 2
Remove pot plants from the flat 21 NA 13
Do without air conditioning in the car 17 11 9
Do not visit open air swimming pools 15 5 0
When possible do without dental check-ups 5 NA 0
We changed the CF-centre, because there was no separation of PA-positive and-
negative patients
2 NA NA
We changed the dentist 1 NA NA
NA: not applicable; bold face indicates a difference of more than 20% between recall of doctor's recommendations (column 3) and family practice (column 2).
a Replies from 61 physicians (corresponding to 88% response rate) in a previous study [19]. Some items of that study were omitted from the present questionnaire,
since we wanted to avoid that parents feel encouraged to take up futile measure listed as items on a questionnaire. A few items were only part of the parents version.
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dry the inhaler after every application. Disinfection of the
inhaler was reported after each use by 51% and once a week by
45% of parents. Intensively performing physiotherapy was
mentioned by 59% of the parents as an important measure to
prevent PA infection, and 55% reported early antibiotic
treatment of respiratory tract infections. Support of the immune
system was reported by 60% of participants, and respective
measures in narrative comments included encouraging frequent
outdoor activities (60%), healthy food (53%), vitamin supple-
mentation (26%), or the use of complementary medicine (14%).
Many parents regarded a visit to the dentist as a problem, since
55% drew the attention of the dentist to the possibility of PA
infection from dental units. Thirty five percent of families were
particularly careful if another family member had a virus
infection. Seventy one percent reported to observe particular
rules when their child was in the company of other CF patients,
and 32% prevented their children from meeting other CF
patients as a matter of principle. Parents whose children had
already experienced at least one PA positive sputum culture
performed the same (number of) measures as parents whose
child was consistently PA negative.
When parents were asked to recall the recommendations of
their physician, the resulting rank order was quite similar to
that of measures taken by families, with one exception: Earlyantibiotic treatment of respiratory tract infections (55% prac-
ticed vs 80% recommended, Table 3). In a previous study, we
had surveyed physicians about their suggestions to families, and
the respective results are depicted in Table 3. The rank order of
that item list was different from the recall of parents in the
present study. Family practice did not reach physicians' rec-
ommendations in 8 of the 9 items favoured by at least 60% of
doctors.
In addition to the predetermined measures listed in the
questionnaire, 68% of respondents made narrative comments to
blank items relating to possible areas of hygienic attention
adding up to a total of 171 further precautions. They reported
actions related to a) sanitary hygiene (51%; e.g. concerning the
drain pipe of the bathroom sink or the frequent change of towels
and face-cloths), b) outdoor activities of the child (37%; e.g. not
to touch a steamy window in the tramway), c) measures taken at
home (25%; e.g. to monitor air humidity with a hygrometer),
and d) treatment (25%; e.g. disinfection).
3.5. Impact of the Pseudomonas issue on parents and children
The Pseudomonas issue was perceived as stressful in a
considerable number of families (Fig. 1). The majority felt
markedly (44%) or somewhat (44%) stressed that their child
might acquire PA (q. 37). Parents regarded the daily precautions
Fig. 1. Emotional impact of hygienic measures on parents and children.
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for their child (q. 35). According to the parents' assessment,
only 13% of parents or children felt not stressed at all.
Parents who assessed themselves and/or their child as
scarcely or not at all stressed had significantly ( p≤0.05) better
knowledge on PA (assessed by the mean number of correct
answers for q. 6 to 15) and performed significantly ( p≤0.01)
fewer hygienic precautions than families who felt somewhat or
markedly stressed. Parents who stated that the Pseudomonas
issue is less important for their own family than for other
CF families (q. 34) performed a significantly ( p≤0.01) lower
number of hygienic measures. If the child had experienced at
least one PA positive sputum culture, parents reported similar
overall evaluations as parents whose child had been consistently
PA negative.
4. Discussion
In the present survey, parents regarded specific sites in the
environment as important sources for P. aeruginosa. In order to
prevent the contact with PA, parents taught their children to
perform specific measures at home, in the kindergarten, at
school, and when playing outdoors. The questionnaire revealed
misconceptions on the nature of PA infection. For example,
parents presumed a high virulence of PA or a rapid decline of
health after colonisation with PA. Furthermore, a relevant
proportion of parents felt stressed and restricted, both by the
threat of PA infection and by the hygienic measures.
We have published two previous surveys on the threat of PA
acquisition from the environment: An interview study with
parents [16] and a survey of physicians on what measures they
recommend to patients and families [15]. Summing up these and
the current data, both caregivers and families regarded certain
sites in the surroundings of the child as possible sources of PA
infection, and reported far reaching ideas of potentially risky
objects or circumstances.
This situation may be unique for Germany, since we are not
aware of articles from other countries describing similar parentalprecautions. However, discussions at the 2007 European CF
conference suggest that comparable problems may be imminent
in other countries, namely France and the UK. It seems that once
patient segregation has been established, parents think about
further ways to prevent PA infection. Havermanns et al. [19]
presented results from interviews with parents after PA infection
of the child, using a modified version of our questionnaire. Most
parents did not report behavioural changes regarding PA-related
precautions. However, the authors labelled 4 of 28 respondents
“pre-occupied with hygiene” and 3 of 28 “obsessive with PA”.
Since the study focussed on parental information needs after
detection of PA infection, threat perception and precautions taken
may have been underestimated.
The role of the environment for the development of PA
infection has not been extensively discussed in the literature.
Hydrotherapy pools and Jacuzzis were regarded potentially
unsafe for people with CF, whereas many precautions
mentioned in our survey, e.g. on sanitary hygiene, oral hygiene,
or indoor sites, were not addressed in scientific publications
[12,13]. Instead, articles focus on the importance of microbi-
ological surveillance and early eradication therapy. These
regimens substantially reduced the proportion of chronically
infected children and adolescents (from 24 to 4% in Leeds [20]).
The Copenhagen group also described positive results of a
policy of strict patient segregation and early aggressive
treatment [21,22]. It is evident from the literature that adequate
microbiological surveillance, patient segregation, and antibiotic
treatment help to postpone the chronic stage of PA infection
[23]. This does not hold true for measures against potential
contact with environmental P. aeruginosa, many of whom may
affect the quality of life of the child and his family.
In the UK, cross-infection with transmissible PA strains was
associated with increased treatment requirements [24,25]. The
implementation of strict segregation policies to prevent the spread
of these strains within CF patient communities [26] also
stimulated psychosocial researchers to address this issue [27].
Patients and parents spoke in favour of the precautions and
understood that infection with these pathogens would create a
Table 4
Pro-active information and education on P. aeruginosa (PA)
1. The prevention of chronic PA infection is not primarily the parents' task but
that of physicians and caregivers.
2. Chronic PA infection can be postponed for many years, if the CF team at the
centre a) segregates patients according to their bacterial status, b) regularly
checks bacteria in the airways, c) institutes adequate antimicrobial treatment
in case of PA positive specimens. Therefore, PA is not “the beginning of the
end”.
3. The prevention of cross-infection between patients (by direct contact or by
contamination of the shared environment) should have priority treatment.
Therefore, particular rules must be observed in the company of other CF
patients.
4. Hygienic handling of inhalation equipment is important.
5. Given the low virulence of PA, further measures in the home environment that
mainly aim at avoiding a possible contact with the bacterium almost certainly
have only a “psychological” benefit (impression of control). This effect may
easily be outweighed by the (often underestimated) impact on the child's
daylife.
6. The risk of PA infection should be placed into the context of other risks
children are exposed to in everyday life.
7. Education of parents should not be directive. The fact that physicians have
different opinions on the PA issue should be explained.
236 G. Ullrich et al. / Journal of Cystic Fibrosis 7 (2008) 231–237relevant threat [28]. Patients perceived the isolation fromother CF
patients as a relevant side effect, and measures to circumvent the
loneliness in hospital, for instance phoning up friends, writing e-
mails, or chatting in the Internet, were regarded as clearly inferior
to personal meetings and conversations. These interventions
predominantly affect patients with chronic PA infection, in con-
trast to the measures described in the present study.
One could argue that it is easy and causes no harm to follow
hygienic rules. This is not true for every family, however. In our
previous interview study, parents felt responsible and guilty of
not having appropriately protected their child, if infection with
PA eventually occurred [16]. Of the present respondents, more
than half felt restricted and stressed by the threat of PA infection
and/or by the precautions against the bacteria, which may
significantly interfere with daily life. This sometimes altered
emotional reactions in everyday situations. For example, a boy
told his mother that a classmate had thrown the blackboard
sponge into his face. Instead of being angry about the other
child, the boy asked “Will I get Pseudomonas now?”. Parents at
the extreme end skipped scheduled clinic visits or prohibited
lung function tests. They apparently assessed the possibility of
contact with PA at the centre as more important than the benefit
from expert advice and close monitoring of the disease.
Physicians and caregivers should anticipate and actively discuss
these possible adverse effects of preventive measures.
In the present study, the standard collection of 26 items only
partly covered the daily practices of families. Parents described
171 further measures in narrative comments, indicating how the
ideas about possible sites of P. aeruginosa had spread out. The
diversity of physicians' opinions [15] and extensive recom-
mendations of the German CF Society (e.g., “When visiting a
public pool, always sit on the same side of your towel”; [14])
may have expanded the confusion.
When comparing the measures performed by families with the
recall of their doctor's advice, the ranking of measures was
relatively similar (Table 3).With few exceptions, parents reported
to do more than what had been recommended. It is interesting to
compare the recall of parents with self-reported recommendations
of physicians from a previous study [15]. For example, 52% of
parents precluded their child from using whirlpools or Jacuzzis,
and 27% of parents recalled that their doctor had given this
recommendation, whereas in the physicians' survey 60% of
doctors stated that they had recommended this practice. Although
these figures originate from two different studies and cannot be
compared directly on a sound scientific basis, they shed a light on
different concepts of families and physicians what actions are
reasonable in everyday life. In our precursor study we also found
that parental recall of recommendations was obviously biased by
the parent's overall conception of the problem [29].
Nearly one third of parents were not satisfied with infor-
mation given by their physicians and requested more detailed
and more comprehensive recommendations. We suggest that
doctors who are convinced that extended hygienic measures
are not meaningful should explicitly clarify this. Considering the
misconceptions of parents with respect to PA infection, phy-
sicians need to improve the education of parents and patients.We
advocate a pro-active strategy to “immunize” parents againstunnecessary concerns and precautions ([15]; Table 4). Unlike
Havermans et al. [19] who reported that parents suggested to
other concerned parents to rather “keep cool” and to “stick to the
recommendations” we doubt that this will be sufficiently
reassuring. In our study, parents who recalled that their doctor
advised not to concentrate too much on hygienic rules at home
(due to the presumed uselessness of these measures) did not
perform fewer daily precautions than other respondents. Parents
expanded their “PA screening” far beyond obvious sources. We
regard it important to actively address the parent's understanding
of PA infection. Furthermore, parents should be made aware of
the potentially negative psychological impact of hygienic pre-
cautions. While the benefit of preventive measures is mostly on
the parents' side, the detriment for the child may be under-
estimated, since the majority of parents assumed that the child
would be little, if at all, affected by the precautions. A more
detailed description of parental risk perceptions and concerns
[30] will be reported in a subsequent paper.
The present study has some weaknesses. First, we relied on
a questionnaire that was not formally evaluated regarding its
psychometric properties. Second, we did not assess how
frequently the families performed the hygienic measures. Thus,
a small number of measures which were performed many times a
day may have had a larger impact on daily routines and quality of
life than many different measures which were only infrequently
executed.
More data are needed on the presence and frequency of PA
related problems in other countries. Investigators should
determine how to best provide information without inducing
parental overconcern and overreaction.
In conclusion, we have shown that families used a lot of
different measures to prevent their child from contact with
P. aeruginosa. Most parents had erroneous beliefs regarding the
nature of PA infection. Many respondents felt restricted and
stressed by the threat of infection and/or by the hygienicmeasures.
237G. Ullrich et al. / Journal of Cystic Fibrosis 7 (2008) 231–237Therefore, physicians should provide clear recommendations on
preventive measures when informing and teaching parents on
P. aeruginosa. Also, caregivers should anticipate and adequately
respond to parental fears and misconceptions. Parents develop
their own theory of risks. These personal concepts may jeopardize
the goal of CF therapy: to enable the patients to lead a life as
normal as possible.
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